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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method to add Co, Cu, Dy, etc. to rare earth alloy permanent magnetic 
powder material which can fully utilize the conventional rare earth material alloy with no change to it, achieving a 
high magnetic properties but causing neither generation of coarse grain growth nor reduction in coercive force 
when it is sintered later on. 

SOLUTION: This invention relates to production methods for rare earth alloy powder and for permanent magnets 
using the powder. For the rare earth alloy powder, the first alloy group is defined to contain 29-33 mass % of R (the 
rare earth element(s) containing at least one or more of rare earth elements, including Y), 0.8-1.2 mass % of B, a 
combination of 0.01-0.5 mass % of Ga and 0.01-2.0 mass % of Al added for compound effect, and remainder being 
Fe, and the second alloy group is defined to contain 29-33 mass % of R (the rare earth element(s) containing at 
least one or more of rare earth elements, including Y), a combination of 0.01-0.5 mass % of Ga and 0.01-2.0 mass % 
of Al added for compound effect, and remainder being Fe (A part of Fe can be replaced by Co and Cu). This 
invention features production methods for rare earth alloy powder mixed of the first and second alloy group 
powders and for permanent magnets using the powder. 
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±) 29-33ma s s% ISBO. 8 — 1. 2ma 50 




4#^2 002-38245 

/0 

ss%, Ga^Al^MttLTGaO. 0 1 — 
0. 5m a s s %&t*A 1 0. 01 — 2. Omass% 
, «»F e U R-(Y*« 

tf$i±m7tm<n'Pte< t h 2 9-3 3m as 

s%> ■■*B0. 8raass%m Ga^Al^I 
^illtGaO. 0 1 — 0. 5mass%;&t> + Al 
0. 01—2. 0mass°/ o> 3Kgf5 F e ( F e <D— £f5 
SrCofci^Cutt^L, Cu^CoOliit^Cu 
/Co = 0. 02-0. 2) J&*643<&£4r!B2'&&£ 
U mi^»*t»2^»*^9T^ia^Jc:S-&$tt 

(12) R (Y&*tf#±«5E*0>*i>fc< <t h IMSX 
±) 2 9-3 3ma s s% liBO. 8 — 1. 2m a 
ss%, Ga^Al^M^DttGaO. 0 1 — 

0. 5m a s s %RXfA 1 0. 01 — 2. Omass% 

±*<o*#*as** s $ i ^mcnni* b sco 

i ^A3fi»wjB i ^&«&*<t> 2 m^Jt £fg 1 & 

Ai:U R (Y^f±Ixi^>/KHlW 
±) 2 9 — 3 3mass%, I|B0. 8mass% 

GaHl^MfflLTGaO. 0 1-0. 
5 m a s s %&0*A 10. 01—2. 0 m a s s % , 
ge§|5Fe (F etO — gP^rC o*3ctt^C u"C«*L^fc 
<Q) ii^45§Ml2^a, *1 SB 2 

(13) R (YSr^tf*±«5c*<75^&< t fc 1«K 
_b) 29-33mass%, HBO. 8 — 1. 2m a 
s s % s A 1 0. 0 1—2. Orrva s s %, SSfflS F e 
b^^Mil^iU R (Y^-&tf*±«7C*W 

<^tl 3U£Xi:) 2 9 — 3 3 m a s s %, A 1 0 . 
0 1—2. Omass% MFe (FeO- gPSrCo 
:fc<fctfCuT*«|feLfc>bO) frt>t£Z>&&*m2<&&b 
U «l'&A»*i:!B2'frA»*36SBf£lift*^a-&StL 

(14) CuiCo(OiiJt;^Cu/Co = 0. 0 2 — 

o. 2t$>5ci:^i < !r« (13) mm<o^±m^ 

(15) BtjjBR(7)9^fi*±®0^4^M^S^l^ 

$ttrv^^«5:S:Wa^*rs (13) 1E*<0*±*&& 

(16) R (Y«r£tr*±«S*od>ft< 4 i«« 
±) 2 9 — 3 3m a s s %, IfBO. 8—1. 2m a 
s s°/ 0> A 1 0. 0 1 — 2. Oma s s %, 8«Fe^ 
b^^MSl^a, R (Ylr^»±l7ciw 
d>* < £ fc 1 @J^±) 2 9 — 3 3 m a s s %, A 1 0 . 
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11 

01-2, Oma s s% WFe (Fe^)-MCo 

(17) r (Y«r*tf#±si7c*^ft< itiaa 

±) 2 9-3 3 m a s s %, BO. 8 — 1. 2ma 

s s% x A 1 0. 0 1—2. Oma s s %, BlttfF e fi± 

< £ fc 1 a^_t) 2 9 — 3 3 m a s s A 1 0 . 

0 1—2. Oma s s% ®Fe (F e (D — -$|$£rC o 
^i(/CutHL, Cu^Co(^ltJt^Cu/Co 

= 0. 02-0. 2) ^f)/j:^M^2^^l, m 

1 £ ft 2 * *ifc*± 

(18) R (Y^tr*±S7C*W>^< tfc 

_b) 2 9-3 3ma s s% IlBO. 8 — 1. 2m a 
s s°/ 0> A 1 0. 0 1—2. Oma s s %, BM F e a> 

1 2 l^i^i 1 ^ R N R 

(Y«r*tf*±«5clll^*< <t t lia±) 2 9-3 
3 m a s s A 1 0 . 0 1 — 2. 0 m a s s %, m% 
Fe (F e CO— gtf£C o^iO'C u T'l^L/ctCO) 
■£>*5^&£g!2£-&£ U * 1 2 

(19) R (YSr-S'tf*±«7C*0^3fc< tfc 1«£JL 
_h) 2 9-3 3ma s s% liBO. 8 — 1. 2m a 
s s %, A 1 0. 0 1 — 2. Oma s s %, F e 

^iS^l^tU R (Y«:^tf«r±S7ciBo 
/ M<H11W) 2 9 — 3 3mass%, fifflfft B 
0 . 8 m a s s A10. 01 — 2. Omass 

% 8»Fe (F e C0-g[5£rC o*5<fctfC utflftlfc 
fcco) ^b/^^?rl2^tl, 

2 £>&»*asgf fia^lcl^ SHTV>5ri £r4#l§fc £ "T 

(2 0) Cui:Co(DliJt^Cu/Co = 0. 0 2 — 

o. 2-efc6r^#ii:t5 (19) |SSccd^-±«^ 

(2 1) bu|BR05 t»fi*±*^**^»*SJBl-& 

t^fen^B twi^si i Mt&^i i ^ 

£;h/r^5;r tfrftrnt-tZ (19) flH*o*±lB^ 

(2 2) R (Y«r*tp*±*5c*0^ft< 1«« 
±) 29~33ma s s%, IfBO. 8-1. 2ma 
s s%, A 1 0. 0 1—2. Oma s s %. glgflF e tf> 
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12 

ht£h&&*m l&&t U R (Y^^tr#r±S7C*co 
/ >4<^t)llH±) 2 9 — 3 3mass%, JffiiffB 
0 . 8 m a s s %*?g N A10. 01—2. Omass 
% 8»Fe (F eCO— ^ £ C o 4o <fc t>X u L 
^P)^5^$:S2^H, ftl^»*^m 

2^»*^^ia^tca^$n^*±*^»5NSr« 

(2 3) R (Y«rS-tp*±«7c*^*ft< £ t imsi 
10 ±) 29-3.3ma s s% IlBO. 8 — 1. 2ma 
s s % N A 1 0 . 0 1—2. Om a s s %, ifflF e fl» 
b/^^^Sl^^l, R (Y«r#fr*±Sg7C3iS<z> 
/ >^<HHI^1) 2 9 — 3 3mass%, ffl% B 
0 . 8 m a s s %*S8, A 1 0 . 01—2. Omass 
%, SSPFe (Fe(7)~KCojoJ:{;CuT*IiL, 
CuiCo^lflt^Cu/Co = 0. 02 — 0. 2) 
^f)/^^M$2^il, fSlMM£|l2M 

(2 4) R (YS:«-tp*±«5c*0*ft< £ fc ll£Jl 
_h) 2 9 — 3 3ma s s %, MBItB 0. 8 — 1. 2m a 
s s % N A 1 0 . 0 1 — 2. 0 m a s s %, $I£|S F e rt> 

*ft»(0* 1 2 «^±Sr* 1 t U R 

(YSr$tr*±a5c*^ft< tfc 29-3 
3 m a s s %, B 0 . 8 m a s s %*SS, A 1 

0. 0 1—2. Omass%, jSSFe (FeCD — gfS^r 
50 CoioJ:r>*Cuttttlttt)^) ^£>&£l8^£!g2^ 
&<bU f 1 MM ^ ^ 2 ^^S^^i^Mci^ 

[0 0 0 9] (ffffi) ro»Wtt±faBB«jftSr**-r« 
ffttlt, 2^SiC*J(^, Co, Cu, Dy, B 

tt3fei-£ 9, ^*co^±®ij^ 

[0 0 10] tft^ rco^teR (Y£^MV±« 
50 7C^(7)/>^ < £ 1 m£X±) 2 9 — 3 3 m a s s %, B 



-7- 



# 

13 

0. 8 — 1 . 2 m a s s %. A 1 0 . 0 1—2. Oma 

s s °/ 0> m&F e&±T$^w&^myofrbtez>&&$:m 

l^d:U Sl^^ISMl^t^Ri, BO. 8 
mass A 1 0 . 01 — 2. 0 m a s s %, 

gflFe (F e <T> — §fl£r C o jo «fc tKC u "Cfitfe t><7)) 

-T-B^^»^r^^)o R (Y*^fr$r±m 

7cm<V'Pte< t h lMU±) 2 9 — 3 3m ass % x B 

0. 8 — 1. 2 m a s s % x A 1 0 . 01—2. Oma 
s s %, GaO. 01 — 0. 5mass°/ 0> l^lft F e 4o 
£TfTWM^m*bf£Z<&£t*mi&&t U II^ 
^^HW^tC^LV^Rft, BO. 8ma s s %*8S, A 

10. 01 — 2. Omass%, GaO. 01—0. 5 
mass% N BlgBFe (F e (D^^C o^oit/C uT' 

u ^i^»^^^2^^^^^*a^c^^ 

<l:Co(7)iflt^Cu/Co = 0. 0 2 — 0. 2X&>2> 
fc, rtbbOR-T-B^^#^^^^-e^L, 

Hk v * a r - t - b ^7l<^^(7)Mit^-efe 

So 

[0011] 

#±^5c^<0^>^< ^ t> l^^-hT% Nd, Pr. Dy 

&(7)Rte x 2 9ma s s %*«T*teffitB#^£-t-5 fctf) 
^*j£^&<^^ 3 3mass%ffi6Mll 
^^/iMSTi-Sfc^, Ili(l2 9ma s s %— 3 3 m 
a s s%i:t6o ^l^^OBfiO. 8m a s s %*« 

1. 2ma s S%&mz-Z> t^m&ftT'fr&B V 

< ta V i~ € x L £ i/ ^ ^ ^ ffi t-t 3 <d x 

0. 8 — 1. 2mass%i:t5 9 »lMl:Al*fc 
teA 1 , G a AK Ga fittA 1 0 . 

01 — 2. Omass%, GaO. 01—0. 5mas 
s%bTZ> 0 A 1 (i»8AfPi±oM«:/Tt^> 0. 0 
lma s s%*ST*fi^<Z>ai*^+»r'tt>fc< 2. Om 
a s s%*«^5fc»a«K*«w«T^*#<*F*b 

<t*\t\ g ai>mm^<DffiM^&^x&Mfifrfa±-r 

0 lma s s %*ST*fi^(Dgbm^^: 
H-#-0*>9, 0. 5mass%t«i5tftBA|fi|±W 

mc}s\,^xG a t a item&mM-tzt. i^Mtt-c 

[0 0 12] S2^0RJiS2(cW^tt«l^t«L 




(8) 4$|H] 2002-38245 

tiry^^^ e a^ttw±ii^&t«L<R2 9 

— 3 3 m a s s%<>:-f6 0 f 2^BtfiO. 8m a 

s s%Wfli, ft*tto»**»»Ji-5a»*^/h*< 

^ot.O, 8ma s s%*iit5^ ff*l<liBS: 
tSSPLftVN, |2^Ga, Al(ii*»l:iiSl* 

-e#^-fjxrt)^*to*v\ AiifciiAi, Ga£8s 

10 »D«f^ ffl*©I(iSl^i:*L<Al 0. 01 

— 2. 0 m a s s % , GaO. 01 — 0. 5mass% 

Sir, <fc t>#*to"C*fc5„ S2M<OCo, Cu(D^D 

^tOlE^itte, » 1 : m2&&= 9 9:1-7 
[0013] CutCo^ltltttCu/Co^O. 0 
0. 2£riB;i5£, Co^2mass°/oi|(D:'<-K 
£:*S< 0 Lf:^otCu/Co = 0. 02 — 0. 2 
[0 0 14] *&m\z&V &1gi Otitn 

^ix^> 2fiJ^±*C*j-LT, Co, CuO8sfl0£*Lfc 
2 ^ffi»£-IE£- U^LT^l\ r<£>»g\ D y 

X$Z> 0 

[0015] 

(HftWl)Nd2 5. 3mass%, Pr7. Omas 
s % s B 1 . 0 m a s s %, A 1 0 . 0 7 m a s s % s 

muF e XV h v bmxm&is 

40 IK»fi»* Lfc»11E«* -&&A) e N d 1 8 . 

6 m a s s %, Pr5. 2 m a s s %, Dy 8. 5ma 
s s % N C o 2 0 m a s s %, C u 1 m a s s %, A 1 
0. 0 7 ma s s %, »&F e ft S^&fcl^Hlfil L 

^flS^^A 9 0 m a s s %, I 1 0 m a s s % 

*S«£S4. 7/*mi:ft6J:5i:»#Lfc, ftbfttR^ 
»^?r0. 6MA/m^itTTO^W^P>, 1. 
50 0Ton/cm 2 (OE7]t«Lfco »fe*L to*** 
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lis 1 0 6 0°C. 1 0 8 0°C, 110 

o°cx 2&fffi(offim*'{fteofco &^t\ ^h<b<nmi& 

m±. A r t 9 O 0°C x 1 S^n^l^ft L 

tzm, ^lC4 8 0°CXlfflwMl^IUc o m& 

[0016] (Jt««i)*3tl*«o*»ift^-e*>s, N 70 

d24. 6 m a s s % N Pr6. 8 5 m a s s %, Dy 
0. 8 5 m a s s %, BO. 9 m a s s % , Co2ma 
s s %, C u 0 . 1 m a s s %, A 1 0 . 0 7 m a s s 

W§^^li:^f 0 1 0 6 0°C, 10.8 0 
°C, 1 1 0 0°CO 9 1 0 8 Ott'fc 

ofc#s, h c j jdsntfiw i x t>i&< , &tzm.±mm 20 
m$titz 0 *fc, 106 o°c<D&mzwbfa!tzmfe7F8: 

[0 0 17] (JtR«2)Sl I^Lfc-frAR dr^S^r 

»^a, »»«\ ttt». jR»3a«rtTftofc. c 

ftffiB.&<D&Sk&&: l tc^1~ 0 H c j ^^JfeF'J UH 

i£<s *fca*«c^**s^. 30 

[0 0 18] 0fcR«3)*l t*Lfc*4Ci:*4Qt 

ffcteaSrfTfcofc. rrr\ d 

y, Co, Cute^&QfC^PU BliW^tfc-a 

*3j:u^Hi«*o3B*«r* 1 tc^i~ 0 h c j &nnm 1 

[0 0 19] (»fe#j2) ^1 I^L^At^&K 40 
Dy, Co, CulS-g^KK^DLBttO. 4mass 

1 (c^i- 0 m^mzmmm 1 1 
»e>*t, w<oi#*s*sfflfttti i o o 9, 

ft ^ jf, b a ft ^ O to 

[0 0 2 0] (H*#J3) «1 t/Ttfc^Ai^L JO 




¥fM 2002-38245 

/<> 

Dy, Co, Cutt^L^JPLBteO. 7 m a s s # 
£Ss 1 K^1- 0 ttftW&ttXlfcffl l i: W*fc:ft#tt|IWS 

n^n. ra)^#««isiii looict-fcu, */ta 

ft if «: JL b ttft a>o tc e 
[0 0 2 1 ] (|£*S#l4)SU t^L^ABt^Ci 

Dy, Co, Cutt-fr^I ^SSBiDLBttJKISJlDi 

tt. Z<nt%ffi&um&i l 0 O^ffe!^ IfcTO 
[0 0 2 2] (£llfcft|5)ftl K^Ufc^&B ££-&C£ 

^d^^aj Sr«v^*ii6«i tra«^a»#L, ft 

ot D Co, Cutt^j^as»LBf4«ijSai 

^Ltc ^&Jtt**W<DjR2£^"?*>5 0 Dytt*8 

*s*5r* i t-^-To aft#ttf±nj6^j 1 1 mm^m?te 
^a^cffift *f fin, ^xft ^»^o /c 0 

[0 0 2 3] (J*»0»J 4)3*1 t^tt^Ti^U?: 

m&m. ^M^^tTfto/c 0 r^r% d 

y, Co, CufiR y 5/^ft^UtC^DLB^il^P 
irbt 0 ^AUtt*38W©JB2-fr*-ett*v\ #?>ixfc 

i \CTfk-r 0 mm.^m^mmm 1 tra«^ft#4n^ 
c©t#««iUtttiioo , C'e*9, 

[0 0 2 4] (H*^iJ 6-10, itm&l 5 - 8 ) Sl§ 

*S^T, Ga^O. 1 ma s s %8Sfln Lfc^&SrtffcU: 
ffSL, Sl^A' -D' , -L' , it 

mm&&P' -U' i: Lto — 5, JtttWl- 
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(10) M2 0 0 2-3 8 2 4 5 

17 18 

mmmmst* a*««>^«^n ltmi ^sin t mm * [0025] 

T'&S;^ H c j (DfcmteO. 2MA/mgSfp]±f§ 1 ] 





$1 fft (mass%) 


Nd 


Pr 


rw 
uy 


TDC 

i rvn. 


L> 






r e 




A 


25.3 


7.0 


0 


32.3 


1.00 


0 


0 


bal. 


B 


25.2 


7 0 


a 
U 


06 . & 


1 A7 


A 

V 


A 
U 


oai . 


C 


25.3 


7.0 


o 


32.3 


0 90 


o 


o 


bal 


D 


11.9 


3.3 


17.0 


32.2 


1.07 


0 


0 


bal. 




I 


18.6 


5.2 


8.5 


32.3 


0 


20 


1 


bal. 


J 


25.3 


7.0 


0 


32.3 


0 


20 


1 


bal. 


K 


20.8 


5.7 


5.7 


32.2 


0.4 


13.3 


0.67 


bal. 


L 


23.1 


6.4 


2.8 


32.3 


0.7 


6.7 


0.34 


bal. 




P 


24,6 


6.85 


0.85 


32.3 


0.90 


2 


0.1 


bal. 


Q 


18.5 


5.2 


8.5 


32.2 


0.90 


20 


1 


bal. 


R 


25.3 


6.9 


0 


32.2 


0.90 


2 


0.1 


bal. 


S 


12.0 


3.3 


17.0 


32.3 


1.07 


2 


0.1 


bal. 


T 


23.8 


6.6 


0 


30.4 


1.03 


0 


0 


bal. 


U 


30.1 


8.4 


7.2 


45.7 


0 j 


16.9 


0.85 


bal. 




24.6 


6.85 


0.85 


32.3 


0.90 


2 


0.1 


bal. 



Al:0.06~0.08mass% 





ffi^(^^xgE^^) 


Br 
(T) 


Hcj 
(MA/ 


Hk/Hc 
(%) 


urn 






AX0.9 + IX0.1 


1.36 


1.17 


98.3 


1100 


o 


JttfcW 


P 


1.35 


1.01 


98.1 


1080 


X 




RX0.95 + SX0.05 


1.35 


1.0 


98.2 


1080 


X 




CX0.9 + QX0.1 


1.35 


1.03 


98.1 


1080 


A 


mmm 


AX0.85 + KX0.15 


1.35 


1.16 


98.0 


1100 


O 


mmm 


AX0.7 + LX0.3 


1.36 


1.16 


97.8 


1100 


O 


mmm 


B X 0.53 + C x 0.37 + 1 x 0. 1 


1.35 


1.17 


98.2 


1100 


o 




BX0.5 + CX0.35 + DX0.05+J 


1.36 


1.17 


98.4 


1100 


o 


fcfc$fc#J | TX0.88 + UX0.12 


1.36 


1.18 


98.1 


1100 


o 


0:#L A:£>*> X:^L 






Br 
(T) 


Hcj 
(MA/ 


Hk/Hc 
(%) 








A* X0.9+TX0.1 


1.35 


1.38 


98.4 


1100 


o 


itnm 


P' 


1.34 


1.21 


97.9 


1080 


X 


tt&m 


R'X0.95 + S'X0.05 


1.35 


1.22 


97.9 


1080 


X 


tt&m 


C'X0.9 + Q'X0.1 


1.35 


1.25 


98.4 


1080 


A 


mt&m 


A*X0.85 + K'X0.15 


1.35 


1.37 


98.2 


1100 


O 


mmm 


A'X0.7 + L'X0.3 


1.35 


1.35 


98.1 


1100 


O 


mmw 


B' X 0.53 +C X 0.37 + I'X0.1 


1.35 


1.38 


98.4 


1100 


o 




B*X0.5-fC'xo.35 + D'X0.05 + 


1.36 


1.37 


98.4 


1100. 


o 




rx0.88 + U'X0.12 


1.35 


1.38 


98.4 


1100 


o 


OrfcL A:&9 x : ^L 



[0 0 2 7] 



(51) Int. CI. 7 



HO 1 F 



1/06 
1/08 



F I 

HO IF 41/02 
1/04 



f-73-r (#%) 



G 
H 
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4 




(11) 



2 0 0 2^3 8 2 4 5 



41/02 



1/06 
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